Introduction
Rehydration after harvest is essential for adequate postharvest life of cut roses, but harvesting introduces air emboli that restrict water flow. Hydration of embolized stems is slow because hydraulic continuity must develop around the initial embolism. Durkin (1980) suggested that placing stems in deep water might apply sufficient pressure to dissolve basal emboli, but this hypothesis has not previously been tested.
Previous studies of the role of emboli in the rehydration of rose stems were hampered by the lack of direct evidence of emboli and the inability to detect water movement in the stem. Magnetic Resonance Imaging (MRI), which exploits the great abundance and high signal strength of the hydrogen nucleus, is a non-destructive, noninvasive technique that permits the study of intact systems. We report here on the use of MRI to visualize the dehydration and rehydration of cut rose stems.
Materials and methods
Roses (Rosa 'Cara Mia', 'Sonia', and 'Tineke') were harvested at commercial maturity, and the stems (60 cm in length) were used immediately or after 10% loss of fresh weight. After rehydration, five stems were placed in DI water at depths of 2, 5, 10, 15 or 20 cm.
One-dimensional MRI projections along the stem were performed in a 0.6 T, 33 cm horizontal bore GE CSI system interfaced with a Libra console (Tecmag, Houston, Texas). Profiles (1 min acquisition time, averaged 16 times) were obtained with a modified Multiple Spin-Echo sequence to obtain pure-water-content profiles (Bobroff et al., 1996) . NMR micro-imaging was done with a 7 T, 6.5 cm horizontal bore GE Omega system. Images were acquired with a standard Spin-Echo imaging sequence (Talagala et al., 1991) . Images were taken of an optical slice 6 cm above the stem base (4 min 20 s acquisition time, averaged four times). For MRI dehydration experiments, hydrated flowers were placed in the magnet and dehydrated to a 15% reduction of fresh weight. For rehydration, the flowers that had been dehydrated were placed in the magnet with the stem base connected to Tygon tubing filled with water. A 20 cm hydrostatic head was maintained.
3.
Results and discussion
Rehydration was accelerated by modest hydrostatic pressures on the stems (Fig.  1) . In 'Sonia' roses, pressurization resulted in an immediate rapid uptake of water (data not shown). In 'Cara Mia', also, the uptake was increased, but with low pressures there was a time lag before the increase was observed (Fig. 1) . This latter pattern fits a model of gas dissolution following increased pressure. Since the initial water uptake by 'Sonia' was proportional to the applied pressure, it seems that the pressure was inducing movement through a resistive element in the vascular system, which could be the wall component, as suggested by Durkin (1980) . One-dimensional NMR profiles indicate that dehydration preferentially reduced the water content of the lowest 10 mm of the stems of 'Tineke' roses, presumably by air inspiration into open vessels (Fig. 2) . During rehydration of these roses, the greatest increase in water content occurred at the stem base, presumably as embolized and cavitated vessels were refilled (Fig. 3) . MRI images of 'Cara mia' rose stems made during rehydration show vessel clusters refilling as hydration progressed (Fig. 4) . The data support the model of resorption of emboli as rehydration proceeds; they show the promise of MRI as a tool for non-invasive examination of factors affecting water relations in cut and intact plants. 
